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PREFACE
The work to be described in this paper was done at the
General Electric Company Receiving Tube Plant, Owensboro,
Kentucky during the period 3 January to 1I4. March 1955»
The general trends of cathode interface impedance growth
and many details in connection with the effects of temperature
variation, cathode current density, and base metal impurity
content have been investigated by several people working in the
field of cathode research. The greatest portion of this infor-
mation considers the trends over several thousand hours and
under poerating conditions ranging from very high to very low
dutys . A large amount of research has been done in an effort to
determine the physical and chemical nature of the interface layer.
It is the purpose of this investigation to examine more
closely the cathode interface growth in the early life of the
tube and to attempt to correlate both the electrical and the
physical growth with (1) Operating temperature, (2) Cathode
current density and electric field intensity, (3) Previous life
experience, and (I4.) Impurity content in the base metal alloy.
The writer wishes to express his sincere thanks to the
personnel of Design Engineering, General Electric Company
Receiving Tube Plant for the fine cooperation afforded him in
his work and for the many stimulating discussions in connection
with the work being done. Particular thanks is expressed to
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Mr. A. P. Haase, Manager of Development Engineering for his
strong interest in the project and for his able guidance and
assistance in the planning and carrying out of the program
of interface life testing which this paper describes. For
his suggestions, and encouragement in the preparation of this
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1. A Brief History of Cathode Interface Investigation.
The existance of a cathode interface layer in oxide
coated cathodes is believed to have first been investigated
during World War II in connection with sparking in high
current pulsed diodes, especially raagnetrones. Reports on
this work have been published by Eisenstein, f^>J by Pineman
and Eisenstein, fjj and by Danforth and Goldwater. /j>J
Since this, initial work many of the cathode "sicknesses"
plaguing oxide coated cathodes have been attributed to the
interface. Further studies of the cathode interface have
been made by Eisenstein, /o"_7 Rooksby, /l5>__7 Child, /2__7
Eaglesfield and Douglas, /Jl_7 Bartley and White, f\J Frost,
f$J Wagner, /T8_J7 Matheson and Nergaard, /13_7 V'eber,
/20_7 Waymouth, /19_7 an^ others,
2, Cathode Interface Model,
Electrically the interface is generally taken to be
equivalent to a parallel resistance-capacitance circuit in
series with the cathode lead although the actual equivalent
circuit has been demonstrated to be more complex in most
cases. Although not exact, the simple R-C circuit serves
very well for most purposes of study and evaluation, R-C
time constants ranging from 0,03us to O.^us are encountered




Interface resistance appears earlier in the tube life and
develops more rapidly as operating temperature is increased.
The presence of current tends to retard the growth of resis-
tance to the extent that at normal operaring temperatures
and currents most tubes develop very little if any interface
resistance but if operated cut-off the tendency is very much
increased. The presence of impurities in the sleeve metal alloy
has a decided effect in that such elements as aluminum, titanium,
magnesium, zirconium, molybdinum, silicon, and tungsten in very
small alloying quantities increase the liability to interface
development quite noticeably. However silicon has been found
to be the most detrimental by a substantial margin, and in most
commercial tubes it is the only element giving rise to an inter-
face compound.
The mechanism by which this interface forms has been gener-
ally accepted as a chemical reaction between the oxide coating
compound and silicon which migrates to the coating-sleeve inter-
face. The reactions are as follows:
2BaO / Si * 2Ba / Si02
and
2BaO / Si02 * Ba2SiO^ (barium ortho-
silicate)
Barium orthosilicate has been identified by x-ray diffraction
methods by Eisenstein, /J>J and by Rooksby. /l5_7
The electrical properties described above are explained
by considering the properties of barium orthosilicate as an

impurity activated serai-conduct or. When the cathode is
activated an excess of barium is distributed throughout the
crystal lattice of the cathode coating. As the interface
layer grows some of the free barium diffuses into the crystal
lattice of the barium orthosilicate and serves to activate
the material. In the absence of current the free barium
atoms tend to diffuse down temperature gradient which is
away from the interface region and so a deactivation process
results. If the tube is conducting current the barium atoms
acting as donors at the surface of the cathode become positive
ions and so have a tendency to diffuse back toward the cathode
sleeve and thus into the interface region producing an
activation process. The balance reached when the diffusion
rate of the ions toward the sleeve matches the diffusion rate
down temperature gradient determines the extent to which the
tube develops interface resistance assuming that the thickness
of the interface layer is fixed. The thickness of the inter-
face layer and the rate at which it forms appear to be
functions of the percentage of silicon in the sleeve metal
alloy and the temperature at which the tube is operated. Frost
states in Project Whirlwind Report R-179* June 29, 19^0 that
When the heater potential is increased to 20% above
normal, the acceleration appears to be at least one
order of "magnitude and perhaps more.
although the barium orthosilicate interface is generally
accepted there is at least one notable exception to this agree-
ment. Weber /j20j/ states on the strength of his x-ray exam-




From their identity, it is justified to conclude that the
crusts are nothing but a part of the emission layer
which somehow became sintered to a crust on the cathode,
and that the crusts do not consist of any barium compound
as described by Rooksby and Eisenstein.
The thickness of the interface layer has been measured and
found to range from about three to ten microns. These values
are generally agreed upon.
Because of the tendency towards interface development in
high silicon nickel cathodes there has been a trend toward the
use of Normal and Passive nickel alloys in the manufacture of
cathodes for receiving tubes. At the present time it is estim-
ated that approximately 73>$ of all receiving type tubes have
Normal cathodes and that the remaining 2$% are about equally
divided between Active and Passive. These percentages are
believed to represent within \0% the practice at the present
time in most of £he major tube manufacturing plants.
3. Summary of Experimental Results.
The outstanding causes for variation in interface growth
at elevated temperatures were found to be operating temper-
ature and previous life experience, with operating current
playing a less important part, and field intensity having no
appreciable effect. The effect of operating temperature was
found to be essentially as predicted by the work of other
investigators. The effect of previous life experience was to
accelerate the growth of the interface resistance in the case
of those tubes which had had substantial operating time under

conditions of moderately elevated temperature and normal class
A-l current. An Interesting phenomenon was observed in that
tubes operating at elevated temperatures were more liable to
interface growth when conducting a small amount of current
than when operating cut-off or with normal class A-l current.
The acceleration encountered in the "previous life" tubes
suggests that interface life testing might be performed on
tubes having completed a few hundred hours of regular life
testing thus reducing the number of tubes tied up in test, and
that a further saving might be effected in time by operating
these tubes at elevated temperatures and thus accelerating the




1. Outline of the Program.
The investigation was broken down into two basic
programs. The first program made use of tubes which were
carefully controlled at their source such that as- far as
possible the materials, assembly, and processing were
identical. This proceedure was followed in order to
eliminate to a substantial degree any variations arising
from differences in individual tubes or individual tube lots
and so guarantee to the greatest extent possible that var-
iations in the interface growth would be caused ,by variat-
ions in the life experience of the tubes only. These cont-
rolled tubes were divided into four groups each of which was
subjected to a different "previous life" and then further
divided into two groups to operate at different temper-
atures under the special life test conditions which included
two conditions of no current flow, one condition of normal
class A-I current, and one condition of approximately ten
percent normal current. Sample tubes were removed from the
life test program at various points in time and set aside for
physical examination by microscopic, chemical, and x-ray dif-
fraction methods. Throughout the special life the interface
Impedance growth was monitored by periodic measurement of




PROGRAM OUTLINE FOR FIRST EXPERIMENT
Controlled Mounts
Materials & workmanship
alike - built in sequence
with no time lapse








60 Hour Life - Normal
Class At conditions except
elevated heater temperature ~
Eh ' 7.5V
Extend to 300 Hour Life
conditions as above
"1










2. Eh = 7.5V
3. Eh = 10V
Electrical
Normal A-l a. Eb = 180V lb 8 ma
Zero b. Eb Ec = lb =
Hard CO, c. Eb s 180V Ec = -30V lb
Near CO. d. Eb = 250V lb 1 ma
Measure at 0, 10, 30, 60, 100, 200, 1+00, 600, 800 Hours

A small group of tubes having completed 1000 hours
of life testing were used as a broad control operating
under two different temperatures and with no cathode
current.
The second basic program was set up to examine the
effect of various cathode alloys on the interface growth.
Using a standard test triode structure, tubes alike in all
respects except for the base metal alloy of the cathode
were to be constructed. The cathodes were made using five
different alloys: I4.99 Nickel, 220 Nickel, 599 Nickel, 225
Nickel, and Grade "A" Nickel. These cathodes were fitted
with moly-nickel thermocouples and sprayed with the same
double carbonate coating used in the tubes of the first
program. Plates, grids, and micas were obtained but short-
age of time prevented further progress with this program.
Shortage of time also prevented any extensive physical
examination of the tubes of the first program however the
investigation is a continuing project and the work of
physical examination and special tube building and testing




THE LIFE TEST PROGRAM
1. The Controlled Tubes,
The tube selected as the test vehicle for the life test
program was the development type Z-2177 which is a special,
double triode developed for use as a computer tube. At the
time of this writing no industry-wide designation has been
assigned to this tube, however the I.B.M. Co. has assigned
the number 05>28 as their part number. The Z-2177 was sel-
ected for the following reasons: there are two cathodes per
tube; there was a substantial amount of test data already
accumulated on this type which showed a tendency toward mild
interface development at normal temperatures after several
thousand hours of operation; the cathode used was of 220
Nickel which is a Normal alloy thus placing it in the inter-
mediate region between Active alloys and Passive alloys and
as noted previously among the more commonly used cathode
alloys; the tubes were immediately available from local
production, and interest in the type was quite high.
The Z-2177 ia a nine-pin miniture double triode in a
T6j- 2 3/8" envelope. The plate is of aluminum clad iron.
The grid is formed (round). The grid to cathode spacing is
approximately \\% mils. The cathode is round, seamless, 220
alloy nickel. The melt lot for all cathodes was #90 and. the

manufacture date was April 195U • The manufacturer was
Superior Tube Company, The total cathode area is approx-
imately 0.66 cra^ and the coated area is approximately
0.56 cm2. The cathode spray used was a standard double
carbonate G. E, specification number -*H1 IN. The heater
voltage and current for one section are 6.3V. and 225 MA.
The average operating characteristics, cathode melt lot
analysis, and cathode spray materials list may be found in
the Appendix.
The tubes used in the life test program were obtained
from regular production. The mounts were made in sequence
on 13 January 1955 and the tubes were pumped, activated,
stabilized, and tested on ll\. January 1955»
The tubes were marked in accordance with the four unit
code outlined on the following page. The first column indic-
ates the extent of "previous life" operation prior to entry
into the special life operation described by columns two and
three. The actual operating conditions described by the
items in column three are as listed under Special Life
Operation, Electrical in the PROGRAM OUTLINE FOR FIRST
EXPERIMENT on page seven. The construction schematics for
the life shelves providing these operating conditions are
included in the Appendix. The fourth column shows the ind-




THE TUBES ARE MARKED AS SHOWN WITH SLINK
INK ON A SAND-BLASTED SECTION. THE
FOLLOWING CHART KEYS THE IDENTIFICATION.
A. Zero Life 1. Pulled before Special Life 1,2,3,4
Pumped and
Activated 2. Eh = 7.5V a. Normal A-l 1,2,3,4,5,6
Tested for: b. Zero 1,2,3,4,5,6
H-K Leakage, 3. Eh = 10V c. Hard CO. 1,2,3,4,5,6
Gas, Shorts, d. Near C.O. 1,2,3,4,5.6
Opens, and 4. Extra tubes 1.2,3,
Cut-off
B. Zero Life 1. Pulled before Special Life 1,2.3,4
Pumped and
Activated, 13 min 2. Eh » 7.5V a. Normal A-l 1,2,3,4,5
Stabilized b. Zero 1,2,3,4,5
Tested fori 3. Eh = 10V / c. Hard C.O. 1,2,3,4,5




6.3V, 180V,-2V 4. Extra tubes 1,2,3
C. 60 Hr Life 1. Pulled before Special Life 1,2,3,4
7.5V, 180V. 8 ma
Pumped, Activated 2. Eh = 7.5V a. Normal A-l 1,2,3,4,5
Stabilized and b. Zero 1,2,3,4,5
Tested as 3, Eh s 10V c. Hard C.O. 1,2,3,4,5
in B above d. Near C.O. 1,2,3,4,5
D. 3UU Hr Life 1. nailed oerore special Lire l.»,M
7.5V, 180V, 180ma
Pumped, Activated, 2. Eh = 7.5V a. Normal A-l 1,2,3,4,5
Stabilized, and b. Zero 1,2,3,4,5
tested as in B 3. Eh = 10V c. 3ard C.O. 1,2,3,4,5
above d. Near C.O. 1,2,3,4,5
E. Zero Life 1. Not baked 1,2,3,4,5,6,7,8
Pumped and sealed,
not activated 2. Baked -400 Degrees 1,2,3,4,5,6,7,8





included in each life test group. Referring to the chart it
can be seen that an extra tube was included in each group
under "previous life" A since it was not practical to test
for plate current before the stabilizing process was used.
As shown under B the test for plate current required that
lb lie between £.£ and 11.5 ma when operated at 6.3V. Eh,
180V. Eb, and -2V. Ec. The group E was included to provide
a chemical and physical control for comparison with tubes
which had been processed. Tubes preserved for future exam-
ination are usually baked as they are pumped at J4.OO degrees.
In order to determine if this baking might have an effect on
the chemical composition of the cathode coating some where
baked and an equal number were pumped and sealed without
baking. The extra three were left open for two days because
the pumps were full. The stabilizing process mentioned
above is normally used on all Z-2177 tubes. The omission of
this process was the only difference between "previous life"
group A and group B. The process consists of the following
13 minute schedule: Eh 8V. 1 minute, Eh 12V. , 2 min-
utes, Eh 8V. £ minutes, Eh 7V. lb l^MA $ minutes.
The conditions of operation during "previous life" for groups
C and D were 7.f?V. Eh, lSOV. Ebb, approximately 8MA. lb
obtained using cathode bias.
2. Interface Special Life Test.
Following the "previous life" operation the tubes
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were started upon their special life. These tubes were
measured for interface resistance and capacitance at the
beginning of this period of special life operation and
at the following times .during this life: 10, 30, 60, 100,
200, l|.00, and 600 hours. The A group was an exception to
this schedule to the extent that a measurement was made at
three hours on this group and none was made at 60 hours.
The reasons for this departure were that there was no
interface growth for a period of much longer than three
hours in the A group and there was a wide gap in the infor-
mation between 30 and 100 hours so it was decided to do
away with the three hour reading and add a 60 hour reading
on the future groups. The A group also was read at I4J4.O
hours in the case of the 7.5>V. Eh tubes in order to determine
if there might be any radical tendency in the growth of
the interface which was first measured in these tubes at
1|00 hours. There was no such tendency.
There were one or two occasions upon which time was
lost on the shelves but this was of no consequence since
each shelf was interlocked and fitted with an elapsed time
clock which made it quite simple to replace the time lost
by simply running the shelf for the additional time necessary
to bring that shelf up to the required time of operation.
One area of data was lost as a result of cathode
deterioration. The group of tubes operating with 10V. Eh
13

and conducting Normal A-l current ran away on the shelves
as a result of grid emission. The grid return resistor
used was lj.70,000 ohms and so developed a substantial
counter bias when grid emission occurred. The tubes
which suffered this operation failed to the extent that
the test current required on the test set could not be
obtained even at zero external bias. It was believed
that this loss of emission was a result of the deterioration
of the cathode resulting from excessive current so steps
were taken to insure that even should grid emission occur
there would be no loss of bias. Four tube sections were
operated with a grid return of zero ohms and four tube
sections were operated with a grid return of Lj.7,000 ohms.
Neither of the operating conditions thus used allowed the
tubes to run away but the same deterioration of the
cathodes was encountered. This pointed up a very
interesting fact: That at high temperature, operation
of a tube with current is more deleterious to cathodes
than if the tube is operated with zero current. This
observation will be discussed further in the chapter treating
the conclusions arrived at as a result of this work.
The loss of this data makes all the information
resulting from the 3a tubes of all groups practically
useless as far as any comparison with other data is concerned
since the actual current during operation before failure
is not known, and the deterioration of the cathodes in these
tubes makes measurements obtained prior to failure open

to question as to their actual meaning.
The small group of tubes which were obtained with
1000 hours of life were operated on an auxiliary shelf
of thirty sockets in two conditions of zero current and
at two different heater potentials. Section one(pins 5, &» 7,
and 8) was operated with 10V. Eh and with all other elements
tied to ground while section two(pins 1, 2, 3» and Ij.) was
operated with 7.1(-V. Eh with plate and cathode tied to ground
and grid tied to -1|.5V. Measurements were made at zero,
three, 21.25, 1+9.5* 138, 1+28, and 781|.5 hours. This group
of tubes was used primarily as a broad control group to
predict trends in the actual main test group and so enable
one to adjust the experimental proceedure as necessary to
highlight these trends if such adjustment might be indicated.
3. The Life Test Rack.
The life test rack used was a standard rack built to
accomodate five shelves but not set up for heater cycling.
Three shelves were used. Two of these shelves were operated
at 7.5>V.Eh to supply the "previous life" (2a) condition and
the b, c, and d conditions of operation at 7.5V. Eh. One
shelf was operated at 10V. Eh supplying the a, b, c, and d
conditions of operation at this heater voltage* As mentioned
before the construction schematics for these shelves are to be
found in the Appendix. The schematic for the special shelf
used for the group of tubes received with 1000 hours life may
15

also be found in the Appendix.
I4.. The Interface Test Set.
Two measurement equipments were available. One of these
test sets operated according to the Wagner two- frequency
principle wherein the plate resistance of the tube under test
(TUT) is determined at a high frequency such that the inter-
face capacitance may be assumed to bypass the interface re-
sistance. This value of resistance is then used to simulate
the plate resistance of the TUT, and at a low frequency, such
that the effect of the interface capacitance may be considered
negligable, the value of the interface resistance may be de-
termined by substituting in the simulated tube circuit a value
of resistance which results in the same performance as that
of the TUT. This system gives quite satisfactory results on
most tubes but it does not give any information as to the
interface capacitance.
The second test set available was designed by W. U.
Shipley of General Electric Co. This set makes use of a
standard tube and the degeneration caused by the interface
impedance. A small amplitude square wave is applied
simultaneously to the grids of the standard tube and the TUT.
The low frequency gains of the two tubes is made equal by
adjusting the bias on the standard tube and a resistance
inserted in the cathode circuit of the standard tube. The
high frequency gain is then adjusted in the standard tube
16

by adjusting a capacitance across the resistance in the
cathode circuit of the standard tube. When the high and
low frequency gains have been made equal for- both tubes the
equivalent interface resistance and capacitance are the
values inserted in the cathode circuit of the standard tube.
The actual method used to achieve this result involves the
use of a difference amplifier, a high gain broad band am-
plifier, and two indicator circuits. A block diagram of the
equipment is presented on the following page. The schematic
diagram of the test set is included in the Appendix. This
test set was selected for the project work.
When it was found that the time constants encountered
in the product of the interface resistance and interface
capacitance, as obtained through measurement using the
Shipley tester, were of the same order as the rise time of
the square wave used in the tester it was suspected that
there might he some discrepency in the values obtained in
the measurements. The square wave characteristics were
obtained and are presented in the Appendix. It was decided
to run calibration curves for short time constant interface
impedances on the test set in order to determine the extent
of the validity of the test data obtained in the measurements.
Using a tube known to have no interface impedance, simulated
impedances were inserted into the cathode circuit of the TUT
and the measurement proceedure was carried out as in the case
of tubes actually having interface. In the case of very short
17





























Tube Under Test Bias
18

time constants a very broad null was encountered in the
sense that there was a considerable range of values over
which a complete null could be obtained. The resistance
and capacitance measured at each extreme of this broad
hull were recorded and in the construction of the curves
these extremes were plotted. In the case of the d&uble
entry curves of Pig. 3 the values at the lower extreme of
the null were used.
Following the construction of the test set calibration
curves, the test data was examined in the light of these
curves, and the following points were noted:
1. The vast majority of the test data lies in the region bet-
ween O.Oi|us and O.lus (see Fig. 3), There are a few points
which lie below 0.0[(.us and several points, notably in the
low R values in the lower temperature tubes, which lie above
the O.lus curve.
2. Referring to Fig. 1 it is seen that the width of the null,
expressed as the variation in resistance read compared to the
actual resistance of the sample, ranges from about 20% at
0.03us to a very small amount - only a few percent. at most-
at O.lus.
3. Although the test data lies principally in the region bet-
ween 0.0i|us and O.lus, the characteristic of a broad null in
the sense of the remarks in 2. above was encountered only very
seldom and then primarily at low values of R. This fact along
with the consideration that Fig. 3 was constructed from values
at the lowest resistance null leads to the conviction that the
19

test data in all likelihood would lose rather than gain
significance if it were to be modified by the application
of the calibration data.
[|.. Considered in a slightly different manner; the test data,
though obtained by adhering to the established technique of
reading at the lowest resistance null, is probably much less
in error as equivalent parallel RC than would be indicated
by reference to Pig. 1 or Pig. 3 since the lack of the broad
null puts the data well above the lower curve of the 0.03us
data in Pig. 1 and in the region of the O.lus data where the
broad null is not present. Prom here then one may refer to
Pig. 3» remembering that this data too is derived from the
lower value side of the null, and find that at O.lus the
correction required for both R and C is quite small.
5. The reason for the difference in the null characteristics
of an actual tube and the simple RC simulation undoubtedly
lies in the fact that in most if not all cases the actual
equivalent interface impedance circuit is more complex than
a simple parallel RC; having cascaded parallel networks and
RC series branches as well.
6. As it is the relative trends that it is desired be examined,
it is felt, considering the above discussion, that this can
best be accomplished by working with the raw data and rem-
embering the limitations which are imposed by both the im-
perfect simulation of the interface impedance and by the
operation of the measuring equipment near the lower limit of





1. Considerations on Data Presentation.
The volume of data obtained from the program outlined
in the previous chapters was found to be quite substantial
and careful consideration was given to the determination
of the most effective method of presentation of this data.
For each section of each tube at each measurement the
interface resistance, interface capacitance, and grid bias
required to produce 2.£MA plate current with 125V. Eb were
recorded. The measurements were made with 1|.8V. Eh and in
each case where an interface was measured the measurement
was repeated with 5.8V. Eh in order to obtain data on the
variation of resistance with cathode temperature. The
data on grid bias was expected to furnish some very inter-
esting information as to the rate of interface resistance
formation by showing a reduction at sucessive measurements
corresponding to the cathode bias produced by the interface
resistance. However upon examination of the data it was
found that there were some far more radical effects upon
the bias than could be referred to the changes in interface
resistance. Two of these effects which far overshadowed
any variation which might result from changes in interface
resistance were changes in contact potential during the
early stages of the tube life and loss of cathode emission
in the late stages of the tube life. Because of these
21

effects any use of the bias tendencies further than as a
prediction of impending tube failure during the testing period
was not considered feasible. There was no question as to the
presentation of the resistance data but the best method of
showing the capacitance development was pondered considerably.
Since the time constant associated with the interface impedance
is the determining factor in the effect of the interface on the
dynamic operation of the tube it was decided that this was the
best factor to use to demonstrate the effect of capacitance
development.
The data in curve form may be found in the Appendix.
The interface resistance versus time was plotted from the raw
data and appears in three forms. One group of curves shows
individual sections of tubes. A, second group of curves shows
the average of all sections in each group of tubes having the
same life history. A third group of curves is presented in
three parts using average curves from the group of the pre-
ceding sentence and is arranged to show the effects of 1.
Field intensity and operating cathode current, 2. Operating
cathode temperature, and 3. Previous life experience.
The interface resistance-interface capacitance time
constant versus time was, plotted from computed values
using the raw data and appears in two forms corresponding
exactly to the second and third groups of curves described
for the resistance data presentation.
A key to the interpretation of the curves is presented
on the following page,
22

KEY TO CURVE INTERPRETATION
Scale: The abcissa is always time read directly in
hours - maximum scale reading is 600 hours. The ordinate
is either resistance read directly in ohms - maximum
scale reading is 300 ohms, or RO time constant .read direct-
ly in millimicroseconds - maximum scale reading is 300
millimicroseconds, or 0.3 microseconds.
The code at the upper left-hand corner of the page
gives the Information necessary to identify the curves
presented. The code follows directly from the Tube Identif-
ication Chart showing: Previous life (the first letter which
is a capital), Operating heater voltage (The first number),
and Operating condition (The small letter following the first
number.) Following the Tube Group identification is either
I4..8 or £.8 which tells whether the interface test was made
using Eh 3 if.BV or Eh = 5.3V. Next, If the curve, or curves,
is plotted for average values in the group, the word Average
appears. If it does not, then the curves are for individual
sections In the group, and they are identified by two digit
numbers on the curves; the first number identifies the tube
and the second the section of that tube. Last in the code at
the upper left-hand corner of the page comes either R or RC
which tells whether the curve or curves are Resistance versus
Time or RC versus Time.
Points shown as 6 represent averages obtained from data
having fewer than half the original number of samples present
in the averaging process.
23

2. Interpretation of the Results.
There appeared to be little reason for presenting
individual time constant curves since the principal inform-
ation obtained from the individual resistance curves was
that the individual nature of the tubes prevailed in spite
of the carefully controlled history of these tubes, and ex-
amination of the data showed that presentation of individual
curves of time constant versus time would do no more than
lend emphasis to this individuality.
The graph paper used is approximately second power paper
in both dimensions and serves to emphasize any variation in
the early life of the tubes. In examining the plotted results
it must be kept in mind that the information, with the ex-
ception of the individual resistance group, is average data
and that because of the wide variation in a given group a
substantial and consistent variation between average curves
is required to signify a difference in effect. A second
point to be kept in mind is the fact that the accuracy of
the test set at low values of resistance is not much better
than plus or minus five ohms below about ten ohms although
the repeatability is substantially better than this. Thus
the trends may be considered as reasonably accurate but the
data above ten ohms or so must be considered appreciably
more reliable than that below this value.
Further discussion concerning the interpretation of
the results as expressed in the curves will be found in the
chapter treating conclusions drawn from these results.
2k

A group of curves showing the effect of "previous life"
was plotted for the tubes which were received with 1000 hours
life and used as broad control tubes. These curves may be
found in the Appendix. The following information is necessary
in the interpretation of these curves. The groups numbered
101 and 102 were received with 1000 hours regular life which
is operation with 6.3V. Eh, l80V. Eb, and a cathode bias re-
sistor of llj.0 ohms. This represents operation at approximately
2.2 watts plate dissipation which is the maximum rated value.
The group numbered 10l\. was received with 1000 hours 01p life
which is operation with 6.3V. Eh, l30V. Ebb, 3,900 ohm plate
load, and grid returned to plus l80V. through 3*9 megohms.
This is zero bias operation. The group numbered 106 was re-
ceived with 1000 hours Ipco life which is operation with 6.3V.
Eh, 180V. Eb, and -£0V.Ec. This is cut-off operation. The
code at the upper left-hand corner of the page describes the
curves presented in the same fashion as in the case of the main
group of curves. The number 1 or 2 following the "previous
life" listing refers to the section of the tubes and so in-
dicates the operating condition during special life as described
on pages llj. and 15. In the case of the data on these tubes the
600 hour scale on the graph paper was too short and so was ex-
tended to 800 hours. The 800 hour point is in correct scale
and the points plotted at 781j..5 hours are also in correct scale
but there is no correlation in the lines intermediate be-







The effects of 1. Field Intensity, 2. Operating cathode,
current, 3. Operating cathode temperature, and I|.. Previous
life experience may be determined from examination of the com-
parison curve groups showing Average R and Average RC, and the
Individual R curves showing mainly the extent of the variation
from one tube section to another within the same life group.
2. Time Constant Considerations.
The RC values lie principly between 0.0[|. us and 0.1 us
with few values below 0.0l|. and several above 0.1. There is
only one value above 0.1 earlier than I|00 hours and generally
the trend is to start at a value in the vicinity of 0.03> us
and rise gradually with time until reaching a value near 0.1
us. Examination of the comparison groups shows no major con-
sistent variations which could be attributed to any of the four
causes being investigated. The tendency to rise with time and
the general consistency throughout are considered to be the
main significant factors in the consideration of the values
of RC. It can also be taken as a general factor in evaluating
the comparison groups in resistance that the measurement at
any one time is equally valid for all groups since there is
no consistent variation of RC imposing a range of time
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constants which would unduly shade the R measurement results.
Furthermore, In comparing with results of other experiments
It is indicated that the values of resistance obtained in
early life may be low while later in life as the RC values
become generally higher the measured resistance may be considered
to be more mearly the true value. These observations follow
from a consideration of the calibration data obtained on the
test set for short time constant interfaces.
3. Field Intensity.
The effect of electric field intensity is shown by curves
b and c in the group comparing cathode current. There is no
difference between curves b and c which is consistent through-
out the group and the differences which do exist are insig-
nificant in the light of the wide variation of individual
tube section curves. Therefore the results of this experiment
Indicate no variation of interface growth caused by diff-
erences in field intensity at the cathode.
l\.» Operating Cathode Current,
The effect of cathode current density seems to be quite
small. In the case of the 7»£V Eh. tubes the values are gen-
erally small and therefore evaluation is somewhat questionable;
however the tendency is for greater interface resistance growth
in those cathodes operating with current than those operating
cut-off and, further, the low current operation appears to be
more detrimental than either cut-off or "normal" current operation.
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In the case of the 10V. Eh. tubes it should be recalled that
the "a" or normal current tubes must be considered as lost and
the "3a" curves disregarded because of having operated in a run-
away condition. Examination of the operating current comparison
group of curves shows a faster interface growth in the low current
tubes than in the cut-off tubes in the case of tubes having had no
"previous life" other than the standard stabilization period
and a tendency toward less rapid initial growth in the. low
current tubes than in the cut-off tubes as the age under
"previous life" operation becomes greater. Generally then,
the effect of current on interface growth seems to go from a
retarding influence at normal temperatures, as noted by pre-
vious investigations through a region where there is very
little noticable effect, as suggested in Project Whirlwind
Report R-179 section 3.2 and section 3*7* and then into a
region where a small amount of current causes a more rapid
growth of interface resistance than cut-off operation. This
latter effect appears to be tempered by an ageing period
under "normal" current and in the case of this experiment
elevated cathode temperature 7.5>V. Eh.
5. Operating Cathode Temperature.
The effect of operating temperature may be summed up
as follows: With operation at 7.5V. Eh the period before
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measurable interface impedance is encountered is between
500 and 600 hours. For purposes of comparison a five ohm
interface resistance was considered as this measurable level.
Operation at 10V. Eh produced measurable interface impedance
in periods of 60 hours or less. The rate of interface
resistance growth in the 10V, Eh tubes is in the vicinity
of \ ohm per hour. In the 7»5>V. Eh tubes the interface
resistance growth rate is of the order of l/l|0 ohm per hour.
These values are mean values over periods of time after the
initial growth is established. Individual values range
rather widely on both sides of these numbers and the variation
is governed by "previous life" operating time such that the
longer the "previous life" the faster the initial growth and
the earlier the presence of interface is detected. For
purposes of this comparison the values obtained at the 1|..8V,
Eh test condition were used,
6, Cathode Temperature During Measurement,
The effect of cathode temperature during measurement
can be determined by examination of the temperature com-
parison curves. The resistance measured at 100 hours in
the 10V, Eh tubes ranged from four to five times larger
when measured at I4..8V. Eh than when measured at £.8V. Eh.
However at 600 hours this value was only two to three times
higher in the ^.8V. Eh measurement condition with the factor
three applying to those tubes having had "previous life"
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operation and the "two" applying to those having had no
"previous life".
7. Previous Life.
The effect of "previous life" is to show earlier and
faster interface resistance growth in the case of the tubes
having had the longer "previous life" before entering the
special life operation. This also applies to the "previous
life" represented by the standard 13 minute stabilization
period which is the only "previous life" experienced by the
"B" group. Following the initial growth- there is a period
between 100 and 200 hours when all four "previous life"
groups tend to arrive at a common value. This shows as
a plateau or a humped region in the case of the longer
"previous life" tubes. Beyond this region the tendency
is to resume a spread similar to that before the common
value region. Only the "A" group, having had no "previous
life", shows no plateau, however there is a noticible
tendency toward a decrease in growth rate in the "A"
group as 600 hours is approached. It is likely that this
same plateau effect, as noted in the other groups, would
also be found in the "A" group to some extent in the region
beyond 600 hours. This would serve further to bring this
group down to the expected lower range of resistance values
in later life, especially since the slopes decrease quite




• As an aid In examining the curves the following general
growth rates are pointed out. A l\.%° line from the origin is
one ohm/hour. A \\$° line in the. upper left corner is approxi-
mately 20 ohms/hour. A \\$° line in the upper right corner is
approximately I.I4. ohms/hour, and a \\S° line in the lower right
corner is approximately 1/20 ohm/hour.
9. Temperature Measurements.
The pyrometer measurements show higher operating temper-
atures in those tubes operating under the "normal" current
condition with 7.f?V. Eh than in the other tubes operating
with 7«5>V. Eh. This may be partially a result of meter
calibration differences on the two shelves since the "normal"
current tubes were alone on a shelf and so had a different
heater source. However the fact that the low current tubes
operated approximately 10 degrees above the cut-off tubes on
the same shelf may be taken to indicate that the heavier
current flow In the "normal" current tubes is at least partially
responsible for the I4.O some degrees temperature difference
between cut-off and "normal" current operation. This tendency
was not found in the case of the 10V. Eh tubes. However this
data is open to some criticism since in each of the four
operating groups under 10V. Eh there were one or more tubes
which had been retired because of failure involving cathode
deterioration. However the overall averages in both the 7.5>V.
Eh and 10V. Eh groups are considered representative of the
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operating temperatures during the special life period. It
must be remembered that these temperatures are optical
temperatures of the cathode surfaces and must be corrected
for emissivity and transmission of path before they are
accurate. Assuming an emissivity-transmission of path
product of 0.3 the correction is from /6o°C to /90°C for
the temperatures measured. This brings the 7.5>V. Eh
temperature to approximately 825°C and the 10V. Eh temper-
ature to approximately 990°C. The temperature at 6.3V. Eh
is too low to measure using an optical pyrometer so a value
for this operating temperature is not available. The program
of building tubes with thermocouples which is now in progress
should provide much better information on the temperature
under various operating conditions.
10. Summary and Discussion.
Reviewing these effects, the outstanding causes for
variation in interface growth at these elevated temperatures
are operating temperature and previous life experience with
operating current playing a less important part, and field
intensity having no appreciable effect. However the more
rapid development of interface resistance under low current
operation than under cut-off operation is a very interesting
phenomenon and bears further investigation. The program
of building special tubes equipped with thermocouples for
operation at various temperatures and currents and for
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comparison of various alloys used in the sleeve should
provide further information on this phenomenon. Possibly
2
the additional heating in the cathode due to the I R losses
in the cathode could account for the faster growth at low
currents while at higher currents this local heating may be
offset to some extent by the increased activation resulting
from the current flow. This might account for the more detri-
mental effect of low current than of cut-off or high current.
The effect of operating temperature on the interface
growth is much as expected and as predicted by theory and
by previous experiments in the field; higher temperature
causes earlier interface appearance and faster growth.
The effect of measuring temperature was also much as expected.
As in the case of semi-conductors, such as the interface
has been shown to be, a reduction of temperature results
in an increase in resistivity. The decrease in this
order of difference as life is extended suggests a
transition of the interface material from semi-conductor
toward non-conductor properties. The fact that the greater
difference is associated with those tubes having had "previous
life" experience suggests that those tubes operating under
7.5V. Eh developed thicker interface layers before entering
into the special life operation and that the deactivation
at high temperature requires more time than in the case of
those tubes having had no appreciable "previous life" and
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so having thinner Interfaces which would be expected to be
deactivated in a shorter period of time.
This deactivation is suggested by the generally accept-
ed model of interface which describes an impurity-activated
semi-conductor with the donors being excess barium within
the crystal lattice of the semi-conductor, and the tendency
for this excess barium to diffuse down temperature gradient
toward the surface of the coating material and so away from
the interface region. The restoration effect of barium
ion electrolysis produced by current flow in the cathqde
must be unable to keep pace with the diffusion down temper-
ature gradient for this process to explain the deactivation
suggested. A steep gradient would imply faster deactivation
than a shallow one and here again the tube construction
with thermocouples could aid in determining if this action
occurs. By means of monitoring internal sleeve temper-
ature using the thermocouples and external temperatures
by pyrometry it is possible that a variation of temper-
ature difference with time could be interpreted as in-
dicating a change in the gradient across the cathode. By
observing this variation at several different temperatures
any tendency toward variation in temperature gradient could
be related to operating temperature and perhaps also to
interface thickness, should the interface material be a




The effect of "previous life" operation on interface
growth is of considerable interest in that although after
300 hours of operation no interface was measured, the
elevation to 10V. Eh produced quite appreciable interface
resistances in a very short time compared to the action
under special life of tubes having had shorter "previous
life" operation or none at all. Although this is quite a
reasonable sort of thing to expect, since it took approx-
imately I4.OO to 500 hours under the "previous life operating
conditions of about 8 ma cathode current at 7.5>V. Eh to
produce a detactable interface, it does show a marked
difference in the interface life acceleration following
this "previous life" operation and suggests that interface
life tests at elevated temperatures following regular
life tests would show appreciably greater acceleration than
if begun on new tubes.
One aspect of the measuring procedure has not been
investigated. This is the tendency for heaters to conduct
more current at a given voltage as thefrr age increases.
This heats the cathode to a higher temperature and so
would cause a decrease in the measured resistance of a
semi-conductor material such as the interface compound.
To what extent this might be significant in producing the
results obtained in this work is not known since for all
3S

measurements the heater voltage was carefully controlled
but heater current was not measured. The further inves-
tigation conducted in this project should take rtote of
this possible source of information and loss of control.
11. The 1000 Hour Life Tubes.
In examining the group of tubes received with 1000
hours and then operated on the special 30 tube shelf it
is very interesting to note that the earliest and fastest
interface development was accomplished by the tubes having
had life test operation under 01p conditions and that the
cut-off and regular life tubes both showed lower values of
interface resistance. These results seem to bear out pre-
vious suggestions that the interface layer forms during
previous life and it seems to indicate that it forms to
a greater extent in current carrying tubes, possibly
because of local heating resulting from I^R losses in the
interface region even though the resistance is not of
sufficient magnitude to be measured using present methods.
Upon entry into cut-off life and elevated temperature then
the magnitude of the resistance is dependent upon the
thickness to which the layer has grown to a quite noticable
extent. These results serve to further support the practica-
lity of- further Investigation of interface testing following







The physical examination phase of the life test
program was only slightly touched because of the shortage
of time available for work on the project. A few preliminary
microscopic examinations were made, primarily to develop
some understanding of the problems to be encountered in
this part of the work and to investigate techniques to
be used in the work. The use of polarized light was
Investigated and with a crossed analyzer and a 1st order
red quarter-wave plate the detail was better than with any
other arrangement tried. No low angle lighting was done.
Nine photographs were made at 500X magnification on a
Metalograph with a nonpolarized light source. These photo-
graphs are included in the Appendix. All but one of these
photographs are of sections obtained by casting the tube
in Castolite then sawing and polishing to reveal the portion
of the cathode desired in crossection. The ninth photograph
is of a surface from which the coating has been scraped using
a piece of paper. No interface was identified and the photo-
graphs are of value primarily to indicate the deterioration
of cathode coating under high temperature operation.
No chemical or x-ray examinations were performed.
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2. Microscopic Examination of a Cathode Surface,
Tube A3c2 which completed 600 hours of special life
and developed considerable interface resistance was opened
and the cathode was removed from one of the sections.
The oxide coating was brushed off with a piece of* paper.
Examination under polarized light with the analyzer crossed
and using a 1st order red quarter-wave plate at 2l|.0X showed
glassy scale-like formations which seemed to be oriented
with and located at the grain boundaries of the nickel
sleeve. These scales were quite like those described by
Weber /20/ . A tool consisting of a sharpened and polished
needle rigged to the objective frame of the microscope was
used in conjunction with the adjustable stage and the
focusing adjustment to lift some of these scales from the
cathode surface. This work was done under 200X magnificat-
ion.
A fine filament of glass was drawn and dipped into warm
Canada Balsum. This filament was mounted on the microscope
stage and the particles on the needle tip were transferred
to the filament. Because the process is a delicate one and
because the scales were few in number and widely distributed
it was considered impractical further to pursue this procedure
in obtaining sufficient sample material for examination by
x-ray diffraction methods. If time were available this method
is considered quite applicable to the obtaining of a selective
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INTERFACE TEST SET DATA
The following eight pages contain the Interface Test








































CALIBRATION OF TEST SET - SHORT RC






RC (nominal) R W C (uf)_
0.01 9.8 0.001
46.2 0.000214 10 0.0026 21 0.0007
100.5 0.000099 40 0.0006 148 0.00001 *
Dist
149.2 0.000063 66 0.00028 200 Dist
214.0 0.000043 111 0.00014 242 Diet
263.0 0.000039 153 0.0001 290 Diet
0.05 9.8 0.005 4 0.02 6 0.008
46.2 0.00106 34 0.0019 45 0.001
100.5 0.000502 92 0.0006 100 0.00049
149.2 0.000328 135 0.00038 152 0.00027
214.0 0.00023 196 0.00024 218 0.00017
263.0 0.000135 246 0.00013 266 0.0001
0.03 9.8 0.003
46.2 0.00063 21 0.0024 33 0.0009
100.5 0.000303 69 0.00057 91 0.0003
149.2 0.000202 113 0.0003 142 0.00016
214.0 0.000139 171 0.00017 210 0.0001
263.0 0.000112 224 0.00012 263 0.00007
01 9.8 0.0099 8 0.01
46.2 0.00225 44 0.0025 48 0.002
100.5 0.00105 100 0.00106 104 0.001
149.2 0.000669 147 0.00072 153 0.00063
• 214.0 0.00046 212 0.00047 219 0.00045
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Effects in the Tubes Received
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The following nine pages are reproductions of photographs of cathodes
at various stages in life* The dark smudge at the surface of the cathode
nickel is a residue from the polishing wheel which has become packed into
the depression at the metal-coating boundry. This depression results from
the faot that the nickel is harder than the coating or the Castolite and so
in the polishing process the softer material is removed to a greater depth
than the nickel. Thus far no effective means has been found to remove this
deposit and so the region of primary interest - The Cathode Nickel-Coating
i
Interface - is obscured*
In each of the cross section photographs the white area at the bottom
of the picture is the nickel sleeve and the hazy white region above this
is the emissive coating* The photographs were made at 500X and the enlar-
gement in printing was 2X. The scale on these pictures is then 1000X nor-
mal size*
The first five pictures are arranged in order of age and show the
ooating condition prior to processing-Ell, after activation but before sta-
bilization-All, after stabilization-B12, after 60 hours "previous life*
-C12, and after 300 hours "previous life" -Dll*
The pioture of a cathode from tube B3cl shows the condition of the
coating after 600 hours of cut-off life* The picture of a cathode from
tube B3d5 shows the condition of the coating after only 200 hours of low
current operation* Tube B4 42 was operated in the 3a condition but with a
67

grid return resister of 47,000 ohms to reduce the effect of grid emission.
The photograph of this tube's cross section shows the effect of high temp-
erature operation with normal current flow.
The picture of the surface of tube C3c2 cathode shows the appearance,
at the left, of the region where the coating has been brushed off with a
piece of paper. At the right the appearance of the uncoated portion of the
cathode sleeve is shown. Some trace of the grain structure is visible as
a result of sputter etching of the hot cathode metal. Tube C3o2 had com-









































































2. Materials list for Double Carbonate Cathode Spray -*H1 IN.
a. Double Carbonate




3. Z-2177 standard ageing schedule.
1. Eh = 8V.
2. Eh =12V.
Eh = 8V.














The first three of the following schematic diagrams are the
construction schematics for the special life shelves used for the
main group of tubes. They are accurate except for the omission of
parasitic suppressors in the form of small resistances in the
individual plate and grid leads and bypass condeners. They -show
the method of obtaining the desired operating characteristics
without the additional clutter of the auxiliary circuit elements.
The fourth schematic diagram is of the shelf used for the
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PYROMETER TEMPERATURES ON RACK
Tube Section Temp. (°c) Tube Section Temp t (°c).




















D2al 1 785) #D3al 1 81*0 -2 870)
















D2bl 1 714-0) D3bl 1 91*0)
















D2cl 1 7W D3cl 1 900)
















D2dl 1 760) D3d2 1 910)
7.5v. Average-—
-
765. 3°C 10V. —912 (DC
Instrument: Pyro Micro Optical Pyrometer, Serial No. Ml*123
# Indicates tubes retired because of slumping or having run
away on the racks.
* Indicates tube not placed in service in condition indicated,
having only "previous life" experience.




















growth at elevated temperature,

